Single-crystal X-ray crystallography. A summary of crystal data and refinement details for all compounds is given in Table S1 and Table S2 . For complexes 1-3, 6-8, and 12, crystals were removed from the crystallization vial and immediately coated with Non-drying Immersion Oil for Microscopy (Type B, Formula Code: 1248) on a glass slide. A suitable crystal was mounted in oil on a MiTeGen loop and cooled to 100 K in a stream of cold N 2 using Bruker Kryoflex low temperature device. X-ray diffraction data for all complexes were collected on a Bruker Smart APEX II diffractometer with a CCD detector using combinations of φ and ω scans with Mo(Kα) radiation (λ = 0.71073 Å). Unit cell determination and data collection were done under APEX2 software package, 1 while data integration employed the Bruker SAINT software package. 2 Multi-scan absorption corrections were done by using SADABS. 3 All structures were solved by direct methods and refined by full -matrix least-squares on F 2 using the SHELXTL suite. 4 The nonhydrogen atoms were refined anisotropically and hydrogen atoms were placed geometrically and refined using the riding model. Images were generated by using ORTEP-3. 5 [a] only the hydrogen-bonding interactions of the pyridyl rings of the Hdpa ligands have been considered.
DFT/TD-DFT Computational Studies
The Gaussian 09 calculations 6 were performed with the non-local hybrid functional UB3LYP, 7 the standalone Truhlar functional M06, 8 and long-range corrected functional wB97XD. 9 The double zeta quality Los Almos ECP and valence basis set, LANL2DZ, 10 and Pople and Ahlrichs type basis set 6-31+G(d,p) were used. [11] [12] [13] [14] [15] [16] [17] [18] [19] The geometries of complexes were fully optimized at three levels using basis sets LANL2DZ and 6-31+G(d,p). All optimized geometries are characterized as stationary points on the potential energy surface (PES) with vibrational frequency calculations. TD-DFT calculations were performed on the equilibrium ground state geometries with the same DFT levels and 6-31+G(d,p) basis set. Molecular orbital compositions were determined by Mulliken contribution type (Tables S5-S6 ).
The singlet and triplet states density were analyzed via natural transition orbital (NTO), an approach that determines the MO distribution of GS and ES by considering all the MOs involved in the electronic transition and weighing them by the CI coefficients (Tables S9-S10 ). 20 Visualization of HOMO and LUMO and the graphical representation of NTO analysis have been performed with ChemCraft and Chemissian programs, respectively. [a] The oscillator strength for the singlet to triplet transitions is 0 due to them being forbidden by the spin selection rule.
[b] For each excitation energy, the corresponding most relevant molecular orbital transitions are shown with the relative weight. Table S8 . Vertical transition energies, absorption wavelength (λ in nm), oscillator strengths (f), and main MO contribution for three singlet−singlet (S 0 → S n ) and singlet−triplet (S The oscillator strength for the singlet to triplet transitions is 0 due to them being forbidden by the spin selection rule. [b] For each excitation energy, the corresponding most relevant molecular orbital transitions are shown with the relative weight. 
Ground State (GS) Excited State (ES) GS ES
[Cu(IPr)(L6)] + (6) [Cu(SIPr)(L1)] +
[Cu(SIPr)(L2)] + (8) [Cu(SIPr)(L4)] + (10) Under Ar atmosphere, IPr·HCl salt (0.70 mmol, 0.300 g), CuCl (1.05 mmol, 0.104 g) and K2CO3 (2.1 mmol, 0.290 g) were combined in a reaction vial. The vial was charged with 5 mL acetone forming a green/orange suspension instantly. The reaction mixture was stirred at 60 o C for 48 hours, and then filtered through a plug of Celite to separate an orange solid from a clear solution. The solid was rinsed with acetone and dichloromethane and the colorless filtrate was concentrated under vacuum. The product was formed as white solid after adding hexanes which was then filtered and kept under vacuum. The material was recrystallized from THF and hexane to afford an off-white solid in 74% yield (0.255 g). 
Synthesis of [Cu(IPr)]PF6
Under Ar atmosphere, [Cu(IPr)Cl] (0.160 mmol, 0.078 g) and KPF6 (1.60 mmol, 0.294 g) were combined in a reaction vial. The vial was charged with 6 mL acetone forming a green/orange suspension instantly. The reaction mixture was stirred at room temperature for 4 hours and then filtered through a plug of Celite. The solid was rinsed with acetone and THF and the solution was kept under vacuum to remove the solvent completely. The solid material was recrystallized from a mixture of THF and hexanes to afford an off-white solid in 65% yield (0.062 g). 
Synthesis of [Cu(SIPr)Cl]
Under Ar atmosphere, SIPr·HCl salt (0.70 mmol, 0.300 g), CuCl (1.05 mmol, 0.104g) and K2CO3 (2.1 mmol, 0.290g) were combined in a reaction vial. The vial was charged with 5 mL acetone forming a green/orange suspension instantly. The reaction mixture was stirred at 60 o C for 48 hours, and then filtered through a plug of Celite to separate an orange solid from a clear solution. The solid was rinsed with acetone and dichloromethane and the colorless filtrate was concentrated under vacuum. The product was formed as white solid after adding hexanes which was then filtered and kept under vacuum. The material was recrystallized from DCM and hexane to afford an off -white solid in 78% yield (0.268 g). 1 H NMR (CDCl3, 400MHz δ 7.40 (t, J = 7.8 Hz, 1H), 7.24 (d, J = 7.8 Hz, 2H), 4.02 (s, 2H), 3.07 (sept, J = 6.9 Hz, 2H), 1.36 (dd, J = 9.7, 6.9 Hz, 12H). 13 
Synthesis of MesBIAN
Acenaphthenequinone (5.49 mmol, 1.00 g) was suspended in 50 ml MeOH and then mixed with formic acid (1 ml) to create a cloudy orange solution. 2,4,6-trimethylaniline (13.2 mmol, 1.79 g) was added to the mixture affording a red solution instantly. The reaction mixture was heated at reflux for 24 hours, after which time the cherry red solution was transferred into a 100 ml beaker and left open for ~24 hours. The red/orange solid was then filtered through a glass frit and rinsed with dichloromethane, methanol, and diethyl ether. The product was collected as a red powder in 76% yield (1.74 
General Procedure for the synthesis of dimethyl dipyridylamine ligands
Under Ar atmosphere, the reaction vial was charged with Pd2(dba)3 (0.0174 mmol, 0.0213 g), dppp (0.0697 mmol, 0.0288 g), 2-bromomethyl pyridine derivative (1.74 mmol, 0.300 g), 2-aminomethyl pyridine derivative (2.09 mmol, 0.226 g), KO t Bu (2.44 mmol, 0.274 g) and 5 ml toluene subsequently. The cherry red mixture was removed fro m the glovebox and heated at 120 o C for 24 hours. The mixture was then filtered through a plug of Celite and washed with ethyl acetate. The solvent was then removed under vacuum affording a yellow solid. The residual material was loaded on a silica gel column and eluted with appropriate mixtures of hexanes and ethyl acetate to afford a yellow solid. 3,5'-dimethyl-2,2'-dipyridial amine (3,5'-Me2Hdpa; L2) Following the general procedure a yellow oil was isolated in 74% yield (0.257 g), 1 H NMR (CDCl3, 400MHz) 
Synthesis of the Cu(NHC)(N^N)]PF6 Complexes
Note on 13 C NMR data: The peak of the NHC ligand's carbene was only detectable for a few Cu-IPr complexes (δ ~ 183 ppm) and Cu-SIPr complexes (δ ~ 203 ppm) due to a low intensity. In these complexes, the assignment has been shown in parenthesis following the chemical shift.
[Cu(IPr)(Hdpa)]PF6 (4)
Following the general procedure, a white solid was isolated in 70% yield (0.086 g). Following the general procedure, a pale-yellow solid was isolated in 53% yield (0.067 g). 
